In recent years, searching exact traveling wave solutions to nonlinear evolution equations (NLEEs) has become a remarkable topic of research. In this article, we obtain exact traveling wave solutions of two significant NLEEs, namely, the PHI-four equation and the Fisher equation involving parameters by using the generalized Kudryashov method. We attain some exponential type solutions including kink soliton, bisymmetry soliton, and periodic solution when the parameters receive different values. We provide the graphical representations of the respective solutions also. 
Introduction
NLEEs are very significant class of partial differential equations (PDEs) in recent few decades due to the wide-ranging applications. In mathematical physics, NLEEs form the most fundamental theme. Moreover, NLEEs can explain a huge diversity of physical incidents, namely, plasma physics, fluid mechanics, optical fiber, solid state physics, gas dynamics, elasticity, relativity, chemical reactions, biomechanics, and various nonlinear phenomena. The query of exact solutions of NLEEs will support one to realize these phenomena better.
Nonlinear waves and its comprehensible formations have been described in modern theories through the variety of fields. Nonlinear wave phenomena of dissipation, dispersion, reaction, and convection are strong prominence in NLEEs. Investigating exact analytical solutions of nonlinear wave equations by applying adequate techniques has shown a growing attention.
The range of applications of nonlinear equations are extended from atmospheric science to condensed matter physics, smallest scale of theoretical particle physics up to the largest scale of cosmic structure, and microscopic to macroscopic branches of biology. Exact traveling wave solutions of these nonlinear equations are requisite to be determined which allow us to achieve the experience through qualitative and quantitative features.
In the study of nonlinear physical phenomena, investigating exact traveling wave solutions of the NLEEs plays a vital role. Therefore, inquiring efficient and effective solutions of such equations is essential topic of research. It is notable that the appearance of soliton solutions of NLEEs has also shown an enormous essentiality due to the implementation in several physical areas, such as chaos, diffusion process, plasma physics, neural physics, solid state of physics etc.
Unique method for solving all types of NLEEs has not been developed yet. Therefore, in order to attain the exact solutions of NLEEs, quite a number of methods have been applied. These are the inverse scattering method [2] , the Backlund transformation method [45] , the Hirota's bilinear transformation method [17] [18] [19] [20] , the tanhfunction method [1, 12, 30] , the Adomian decomposition method [3, 19] , the homogeneous balance method [47] [48] [49] , the homotopy perturbation method [37, 38] , the numerical method [33, 39] , the variational iteration method [34, 35] , the auxiliary differential equation method [13, 14] , the exp-function method [4, 16, 35, 36, 40, 43, 44] , the trial function method [53] , the modified simple equation method [21, 22] , the (G 0 =G)-expansion method [5, 50, 10, 41, 15] , the reproducing kernel method [6] [7] [8] and others [23] [24] [25] [26] [27] [28] [29] 46] . In previous literature, the PHI-four equation has been investigated to obtain the traveling wave solutions by applying the direct algebraic method [11] , the modified simple equation method [52, 9] , the He's variational method [42] etc. An analytic study of the Gorguis [51] to achieve the exact solutions through the Adomian decomposition method. Matinfar and Ghanbari [31] employed the He's homotopy perturbation method for the Fisher equation to overcome the difficulties arising in calculating Adomian polynomials. Moreover, the variational iteration method was applied by Matinfar and Ghanbari [32] to find the exact solution of the Fisher equation.
In this article, our main purpose is to investigate some new and further general exact traveling wave solutions of two NLEEs, namely, the PHI-four equation and the Fisher equation by using the generalized Kudryashov method. To the best of our consciousness, these two equations have not been discussed by the generalized Kudryashov method yet.
We designed the layout of the rest of our work as follows: In Section 'Explanation of the Generalized Kudryashov Method', we provided the explanation of the generalized Kudryashov method. In Section 'Formulation of the Solutions', the method is applied into the PHI-four equation and the Fisher equation. In Section 'Graphical representations', we discussed the graphical representations of the obtained solutions. In Section 'Discussion and Conclusion', we provided the discussion and conclusion of our work.
Explanation of the generalized Kudryashov method
Suppose, the NLEE for u(x, y, z, t) is in the following form Fðu; u t ; u x ; u y ; u z ; u tt ; u xt ; u xx ; . . .
Here, F is a polynomial in u(x, y, z, t) and its various partial derivatives involving the highest order derivatives and nonlinear terms. The following fundamental steps can be applied to pursue the exact traveling wave solutions of the equations.
First step
We first transfer Eq. (1) from PDE to ODE by using the traveling wave transformation n = k(x + y + z À Vt), u(x, y, z, t) = u(n) in the following form Pðu; u 0 ; u 00 ; u 0 00 . . .Þ ¼ 0 ð2Þ
Here, P is a function of u(n), prime denotes
and V is the speed of traveling wave.
Second step
Assume that the solution of Eq. (2) has the following form 
It is satisfied by q = q(n) and the solution of Eq. (4) is
Here, A is integrating constant.
Third step
The positive integer number N and M in Eq. (3) will be determined by using the homogeneous balance between the highest order linear term and the highest order nonlinear term occurring in Eq. (2).
Fourth step
Using Eqs. (3) and (4) into Eq. (2), we obtain a polynomial in q iÀj , where (i, j = 0, 1, 2, 3, 4, . . .). Allocating all terms of same power and equating them to zero, we obtain a system of algebraic equations for this polynomial. These equations can be solved by Maple or Mathematica to find the values of a i , b j and V and using these values into, we can obtain the desired solutions. Implementing these solutions then into Eqs. (1) and (2), we can justify whether the solutions are exact or not.
Formulation of the solutions
In this section, we explore the exact traveling wave solutions of the PHI-four equation and the Fisher equation by using the generalized Kudryashov method. The algorithm of the generalized Kudryashov method provided in Section 'Explanation of the Generalized Kudryashov Method' is maintained for individual equation.
The PHI-four equation
Consider the PHI-four equation of the form [9] 
We treat the traveling wave transformation of the following form n ¼ kðx À VtÞ; uðx; tÞ ¼ uðnÞ:
Using (7), we convert Eq. (6) into the following ODE
Now, considering the homogeneous balance between the highest order linear term u 00 and nonlinear term of the highest order u 3 in Eq. (8), we obtain N = M + 1. Choosing M = 1, we obtain N = 2. Hence, we attain the following reduced form of Eq. (3)
Here, a o , a 1 , a 2 , b 0 and b 1 are constants which to be determined later. Now, using Eq. (9) into Eq. (8), we attain a polynomial in q(n).
Equating then the coefficients of same power of q(n) to zero, the following system of algebraic equations can be obtained
Solving the above set of algebraic equations by Maple, we achieve different types of solutions. We discuss them below:
Inserting these values into Eq. (9) by using Eqs. (5) and (7), we obtain the solution as follows
In particular, if we set A = 1, the above solution can be simplified as
Substituting these values into Eq. (9) with the help of Eqs. (5) and (7), we obtain the solution as follows
If we choose A = 1, the solution becomes
Again, if we choose A = À1, the solution becomes
These values correspond to the solution as similar to the previous solution. Due to convenience, we did not provide it.
Setting these values into Eq. (9) by using Eqs. (5) and (7), we obtain the solution as follows
In particular, when A = 1, the solution becomes
Substituting these values into Eq. (9) by using Eqs. (5) and (7), we obtain the solution as follows
If we put A = 1, the solution becomes
Again, if we put A = À1, the solution becomes
The Fisher equation
Consider the Fisher equation of the form [51] 
We use the traveling wave transformation of the following form n ¼ kðx À VtÞ; uðx; tÞ ¼ uðnÞ:
Wave variable (21) change Eq. (20) into the following ODE
Now, balancing the highest order linear term u 00 and nonlinear term of the highest order u 2 occurring in Eq. (22), we obtain N = M + 2. If we choose M = 1, we attain N = 3. Therefore, we obtain the following contracted form of Eq. (3) uðnÞ
Here, a o , a 1 , a 2 , a 3 , b 0 and b 1 are constants which to be determined afterward. Now, treating Eq. (23) into Eq. (22), we obtain a polynomial in q(n). Collecting the coefficients and setting each power of q(n) to zero, the following system of algebraic equations can be obtained 
Solving then the system of equations by Maple, we obtain the following two cases.
Case 1
Substituting these values into Eq. (23) and by using the Eqs. (5) and (21), we obtain the following solution uðx; tÞ ¼
In particular, if we choose A = 1, we obtain the solution as follows uðx; tÞ
Again, if we choose A = À1, we obtain the solution as uðx; tÞ ¼ 1 4 coth 1
Case 2 Inserting these values into Eq. (23) 
Graphical representations
Since our main purpose is to show the solutions which we have been obtained is more general and easeful, exploring the graphical representations of these solutions can evidently play a significant role in this virtue. Here, we plot the solutions (11), (13) and (16) 
Discussion and conclusion
In summary, we investigated the traveling wave solutions of the PHI-four equation and the Fisher equation with parameters by using the generalized Kudryashov method. We obtained kink soliton, singular kink soliton, bisymmetry soliton, and periodic solution when the parameters receive special values. Since the PHIfour equation and the Fisher equation are highly significant NLEEs in the study of mathematical physics and reaction diffusion systems respectively, these solutions are expected to be helpful to understand the mechanism of the tricky nonlinear physical phenomena in wave collaboration and analyze the intricate tangible incidents. Moreover, we provided the graphical representations of the corresponding solutions which evidently show that the solutions we have been obtained are more convenient and simple to understand. Our results also showed that the generalized Kudryashov method is a powerful mathematical tool for solving a large number of NLEEs in mathematical physics comparing with other existing methods. Since the homogeneous balancing principle has been applied, we can claim that this method can be implemented to other NLEEs where the homogeneous balancing principle is satisfied. All calculations in this study have been made and reviewed with the help of the Maple package program.
